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INVOLVEMENT OF cAMP PATHWAY IN THE INFLUENCE OF WATER 
EXTRACT OF EMBLICA OFFICINALIS ON AMINOPYRINE 
METABOLISM IN NORMAL RAT HEPATOCYTES 
A bas Hj Hussin, Mohd Ba.k:ri Kasim and Mohd Zaini Asmawi 
School of Phannaceutical Sciences, Universiti Sains Malaysia. 
. 11800 Minden. Penang. 
Although modern drugs are commonly prescribed to treat illnesses, the use of herbal 
medicines by different ethnic groups in Malaysia still prevails. In the course of treatment, 
there are occasions where patients tend to rake both the modern prescribed drugs and herbal 
preparations concurrently. The interaction that ensues may result in a decrease in the 
bioavailability or the accumulation, and hence' toxicity, of the modern drug. With respect to 
this, the study was undertaken to investigate the influence of Eu1blica officina/is locally 
known as Buah Melaka, on the metabolism of a model drug, aminopyrine, in normal rat 
hepatocytes. This study also attempt to elucidate the possible molecular mechanism of action 
of E. officina/is in bringing about its influence. . . 
Isolated hepatocytes were prepared from normal Sprague Dawley rats using the collagenase 
digestion method. The .hepatocytes were incubated with aminopyrine in the absence and 
presence of the water extract of E. officina/is, EABM (0.0078- 0.375 mg/ml concentration) 
and the metabolism of aminopyrine was assayed accorqing to a mo4ified method of Cochin 
and Axelrod•. Molecular mechanism of action of EABM on aminopyrine metabolism was 
investigated by adding protein kinase inhibitors KT-252a and KT 5720~ protein kinase C 
activator, phorbol-12-myrist.ate-13-acetate; theophylline and 3~isobutyl-l-mcthylxanlhine. 
Our results indicated that EABM significantly decreased (P<O.OS) aminopyrine metabolism 
and the effect is dose-related. K-252a inhibited the effect of EABivl suggesting that EABM 
influence on aminopyrine metabolism-is mediated by phosphorylation reaction. KT 5720 
inhibited the effect of EABM in the male but not in the female ra~ hepatocytes indicating that 
EABM effect in the male but not in the female rat, is mediated by the cAMP pathway. 
In conclusion, EABM was demonstrated to lower the metabolism·of aminopyrine metabolism 
in rat hepatocytes and the pathway ·involved in EABM influence is sex-differentiated. 
1. J. Pharmac. exp. Tqer.! (1959) 125: 416-421 
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INFLUENCE AND MOLECULAR MECHANISM ELUCIDATION OF 
ANTI-MALARIAL AGENT, ARTEMISININ, ON DRUG METABOLISM IN 
SPONTANEOUSLY HYPERTENSIVE RATS 
Santhanathan Rajendram, Af?as Hj Hussin and Chan Kit Lam 
School of Phannaceutical Sciences, Universiti Sains Malaysia, 
11800 Minden. Penang. · 
Artemislnln or qinghaosu, as it is known in China, is noted for its anti-malarial 
properties and is isolated from the plant Artemisia annuaL [Family: compositae]. Apart from 
being an anti-malarial agent, the plant is also used as an anti-pyretic agent and in chronic 
dysentery. It is also employed as a bactericide for scabies, abscesses and eye disorders. In 
the present study •. preliminary investigations were conducted to study the innuence and 
molecular mechanism elucidation of artentisinin on aminopyrine metabolism in hepatocytcs 
from spontaneously hypertensive rats. 
Male Sprague Dawley rats with body weight of 150-250g (12- 16 weeks old) were used. 
Rats were allowed free access to food (rat chow) and tap water. The blood pressure of the 
rats were measured prior to the sacrifice of the animals using the tail-cuff technique. Isolated 
hepatocytes were prepared by using the modified collagenase digestion method. The 
hepatocytes were incubated ( 18 minutes) with aminopyrine in the absence or presence of 
artemisinin ( IQ-11- 1(}6 M concentration) and the metabolism of aminopyrine was assayed 
according to a modified method of Cochin and Axelrod. To study the molecular mechanism 
of artcmisinin in innuencing its effect on aminopyrine metabolism. the hcpatocytcs were prc-
incubaled for 15 minutes with various compounds which include IBMX, KT 5720, TPA. 
staurosporine and calmidazolium before incubating with artemisinin. 
Our results indicated that artemisinin is capable of increasing aminopyrine metabolism in 
hypertensive rats inferring that it could affect the bioavailability of aminopyrine and other 
drugs that undergo similar phase 1 metabolic pathway (N-demethylation} as aminopyrine. 
Thus, it should be made aware that interaction between artemisinin and drugs that undergo 





MOLECULAR MECHANISM ELUCIDATION OF THE INFLUENCE OF 
THE WATER EXTRACT OF DUAH MELAKA (EMBLICA 
OFFICINALIS ) ON DRUG METABOLISM IN SPONTANEOUSLY 
HYPERTENSIVE RATS 
A bas Hj Hussin, Hafsah Mustapha and Mariam Ahmad 
School of Phannaceutical Sciences, Universiti Sains Malaysi~ 
11800 Minden. Penang. 
Emblica officina/is, IocaiJy~known as Buah Melaka has been traditionally used for its 
cardiotonic, anti-bacterial, anti-virus, diuretic, emetic and purgative properties. A study has 
· indicated that it is able to reduce blood pressure in hypertensive rats via inhibition of the 
a-adrenoceptor. With due respect to the latter, it.is of our interest to investigate the effect of 
~ this plant on drug metabolism in hypertensive rats and to elucidate the possible molecular 
mechanisms involved. 
Hepatocytes were prepared from male spontaneously hypertensive ra~. The hepatocyes were 
then incubated with a model drug, aminopyrine, in the presence of the water extract of Buah 
Melaka (EABM) for 18 minutes. After the incubation, the metabolites formed were then 
assayed and quantitated.· Cyclic AMP analogue, 3-isobutyl-1-methylxanthine (IBMX), 
protein kinase C activator, phorbol-12-myristate-13-acetate (TPA), Ca-ionophore (A 23187) 
and calmodulin-antagonist, calmidazolium were ·added into the incubation cocktail to 
investigate the possible pathway involved through which EABM ~xert its influence on 
aminopyrine metabolism. 
Our results indicated that EABM is able to reduce aminopyrine metabolism in spontaneously 
hypertensive rats. This effect of EABM is altered by IBMX. TPA, A 23187 and 
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EFFECf OF ANn-MALARIAL AGENT, DIHIDROARTEMISININ, 
ON AMINOPYRINE :METABOLISM IN HEPATOCY1ES OF 
SPONTANEOUSLY HYPERTENSIVE RATS 
Abas Hi Russin and Chan Kit Lam 
School of Pharmaceutical Sciences,. Universiti Sains Malaysia, 11800 
Penang. 
Anemisinin is the clinically active antimalarial constituent isolated from the ! 
plant Artemisia annua L. [Family : :compositae]. Dihidroanemisinin, . 
obtained by sodium borohydride reduction of artemisinin, was reponed to 
be more therapeutically active than the parent compound. A study was· 1 
conducted to investigate the influence of dihidroartemisinin on 1 
aminopyrine metabolism in hepatocytes obtained from normal and 1 
spontaneously hypertensive rats (SHR). · I 
Hepatocytes were obtained from nonnal and SHR male, 40 weeks old l 
rats. The hepatocytes were incubated with dihidroartemisinin and· the ; 
metabolism of aminopyrine metabolism was assayed by the- method of l 
Cochin and Axelrod (1959). Mechanism of action of dihidroanemisinin · 
was investigated by the addition of staurosporine, KT -5720, 
trifluoroperazine and phorbol-12-myristate-13-acetate. 
The results indicated that dihidroartemisinin significantly (P<O.Ol) 
reduced aminopyrine metabolism in hepatocytes from normal and SHR 
rats at concentration as low as IQ·l3M. Preincubation with staurosporine, 
KT -5720, trifluoroperazine and phorbol-12-myristate-13-acetate did not 
significantly influence the effect of dihidroartemisinin. The results 
indicated that dihidroanemisinin is able to inhibit hepatic N-demethylation 
of aminopyrine and possibly other drugs that undergo the similar 
pathway. : 
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Projek ini i::t1:3h satu l::erja.sam.a. dianta1·a penga1·ang dengan seorang pensyarah 
DisipHn Kimia fe1·m:::.seutik, PPS Fe1·me.s1, Pt·of. l•.•Ia.dya. Dr Cha11 Kit Le.m, untuk 
mengem.be11gk::tn ma.ldume.t tenteng: ::t.gen 811ti-m8le1·iey e.rtemisinin dan deri...,atif 
sintetikn;.ra .. dihidroe1·temisinin. Poko~: At·temt~':'i5! ,:f.t1tUJ.~ te18h berjaya dU:ulttu-·krul 
didela.m te.bung uji oleh ku.mp1.1le11 Chds Tech~ USl'.'I d81l me.ldume.t kimie. de11 
f::.1·me!:ologirqra. sedang gie.t diselidiki oleh pa1·a penyelidU.: tempaten den 
:311 t:31":3.bo91lgS8 .. 
Obiektif Penyelidikan 
i) men ;.relidild I>en~::t1"'Uh 81'temisinin dan dihidroa1·temi_~inin tet·hada.p metabolisme 
ha.tL satu model drug moden, 8.minopirin yang dil~etal1~1i menjala11i meta.bolisme N-
demeHla.sL didal::t.m tikus SI~otlt::-«11 hipet·tensif (SHR). Ka.jia.n meka.nisme tinde.kan 
t.:edua-du.-3. beh8.n ini dipet·ingkat molekul juga telah di!::e.ji. 
i i) mengl::etj i penge:t·uh serte. ke.j ie.11 meka.11ism.e molekul ekstre.k e.it, Bll--:rh l•Jiela.ka.. 
EABl•.•l (.fmt.Vi.;-::~ .t..·uii"·.~ir18Ji.:,~) terha.de.~; mete.bolisme a.minopirin dida18.fll tikus 
not-;mal da11 SHR. J::;:t.ji::t11 ini ielah s::«mbung811 daripad:::r. kajii31l ger:::t1l j::t1lg~:e. pendek 
}=-ertema sa""fi3. yai1g teleh pu.n dita.matr~en. 
Kaeda.h 
Ke..jien in-Yitt·o y·er.ng dijele.nkt~.n melibat!-:e.n penggune.e.11 hep8.te"S"H tiJ:.;:us je.ntar.1 not,mal 
Spr;:;gue Dav.rley dan til::us spernt8neously h:rpertensive rats (SHR). Umur tH~us-tikus 
;.rt~ng digun::;.l-~;311 ie18h Iebih kut·a11g 40 minggu de11 bet·u.ku.t·e1i bet·at ba.da11 250-)50 g. 
Hep8.tosit ;t81lg perolehi telah diera.m~:en dengan beh;9n tulin at,temisinin atau 
dihidroa1·temisinin (;.r811g dihasill:;:tn oleh Prof. ~.·18.dya Dr Cha11 Kit Lam) atau denga11 
EABI•.•I did81am keha.dira11 a.minot)it·in. 1•.•letabo1isro.e a.minopirin kemudia11nya di ;:t.sa.i 
deng::«n mengikut Kaedah Co(:hin d;:tn Axelrod (1959). Untuk mengkaji mekanisme 
molekul e!"·temisinin.. dihidroe1·temisinin · e.tau. E.ABivi serta ka.j ian meksnisme molekul 
mereka ... hepatosi t-hepe.tosi t teleh di preera.m.J:~e11 denga11 be bere.pa balle.n sepe-rti IBl•,,IX, 
KT ~'720 .. TPA, (:almide.zolium .. ste.urospot'ine .. tt·ifluopet·ezine .. K 252e., theophylline atau 
A-23187. 
Teke1loi1 del,ali HJ:.:us-tikus norm.el de11 SHR telal1 ditentukur dengan menggune.kan 
Kaedah Tail-Cuff. 
.• 
Keputusa.n & Perbincangan 
Kesa1i •3rtemisinin terhade.p m.etabolisme aro.inopirin didalam. tikus SHR 
Keputus:3il b:.illi menun:jul::kan baJtav:ra a1'tem.isinin m.eningkatl::an secara signif1kan 
metabolisme aminopirin. Ini !:~et:3i"a dengan peningl=:aten •:tl:~tiviti 8!ll.inopirin H-
•:r i .-. ' demetilase pa.da l::epekatan bermula 10- -·~~I at·temisinin. At·temisinin ~1o-c~Iv1J 
mengh•:..si1k:3il puno:::al' ::t.kti·v·tti enzim. dan kepekat::ti1 melet>ihi lo-BM menunjukl,ail 
f)enurun•3il al,tiviti enzim tete.pi masih lagi tinggi daripada1~8.'il::tl8il (P < 0.05) (Ra.ja11 1 ). 
Didela.m. tehe.dira11 IBI•.·I~C peng;a1·uh a1·temisinin (lo-a~:!) terhada.{> el,tiviti aminopirin 
N-dem.etilese teleh dibalikl::a11~ ~je11 -diren.::;a.t sepenuhn·:ra pade. kepeke.ta11 IBl•.•IX 
~eren deh 1 o-11J·.•I (Re.j ell 2). 
Ini turut diliha.t dengan kesan artemisinin 1o-8~.~1 didalam !~eho!::liran a.ktivo.tor protein 
kina:.e C .. TPA (Rajah ·3). Bagaimana. pun .. jula.t renc.a.tan al~ti"iriti aminopirin N-
demetil•:t.se oleh TPA 8.-1a1ah lebih rendah berbanding det~g8n IB~.~1x (banding Rajah 2 
.. jan ·3). 
t:e·i,J·3.-·1U·"3. peren(:at protein kinase A .. KT 5720 dan perenca.t kalmodulin .. kalmidazolium .. 
men urunl~an seca1·a signifil~ar1 al~ti ~ri ti enzim aminopirin N -dem.etila.se {Ra.j ah 4 dan 5) 
manol~ala. peren·:;a.t protein !dnase C, st~.urosporine menurunl,an l~esan artemisinin 
{1,-,-a .. ,. ... , l:"P. r,~=t.J. ..1 -=t·::' 1:"-=t";rl·=tf;=t+"l {r.;=t1" :=t 1•1 ~ ,, 
•. _ 1':1.1 .. -·r·'- ._ .... .... __ ,.,_LL_:.a. ,_,r;--.. -~ '-'1· 
Kesini~:· ul•3:!1ti ya .. ;3i"temisinin t:oerupe.ya un (Ul~ m.eningl~a.ttan metabolisme a.m.inopirin 
·:U·:1•:tla.m HlnlS liiper(ensif tj8:!1 ini t>oleli menurun!~ail bio:pero1ell8il am.inopit·in <ja11 
~jrug-~jrug lain o;,rtc11g menjala11i 1itH8.J8ii. N-·:jemetilasi ye11g sa.m.a. Kesan-tesan 
•31"'temisinin dk:a.d8i1g1~a.n <ji pera11taraf.:a11 sel=:ur•311g-1~urangn ya.,. oleh sildi!~ AI\'IP d811 
.::Ha.silgli~erol da11 perana11 protein tina.se ffii:\Sih pet~lu dil(aji. Tidal~ dil,etahui. sam.ada 
interal~si ini bciteil berlalnl didala.m. mailUsia d;311 sa.mada. l~eputtlSa.n yang diperolehi 
::s_.:j;31ah rele"':ran· se{:ai1 8. 1\linil~al dail dicadangkail agar kaji•3i1 ini da.pat disa.m.bung 
l:"P.f"'·,.=.t·l·t.l•:··t··At ffi;=1+lt1·~t· ·~ • -· .r· ·-· :::- ~ -· -~ h)o ·-·· 
Kes:3il dihidt·oai·temisinin terll•3.dap metabolisme a.minopirin ~u~jalam tU:us hipertensif 
sponta11 
Keputus::s11 tam.i menunjutts11 behav:ra. dihidroai·temisinin mengut·a11gk811 secru·a 
3ignifil::;311 (P<O .01) meta.bolisme aminopirin didal::tm hepatosi t tikus norme1, hipet·tensif 
1""' spont;:.n dan die.betil:: pa.da kepeh:atar1 serendall 10- JI~.·I. Pre eram.an deng811 
3taurosporine.. KT ~·720, trifuoroperazine da11 TPA tidal:: mempenga.ruhi r~es•3n 
.:jilli droa1·temi~inin ini. Kep utusa11-l::ep utt1S;311 ini men Utl j ul~kan ballavta 
dil".ddroa1·temisinin berupa"y"'a meren(~at N-dem.eti1:3si hep•:tJ' aminopirin den mungkin 
.. 
Ke~an EAB~.·i terhe.dap metabolisme e.minop1rin dide1em tikus not·mel. 
Ptd•:tl;:tm tikus nor:mel 10 bula.n, £AB1•.•I mentu•un~:en se(:e1·a signifikan (P<O.OS) 
m.etabolisme •:;minopit·in. Kese11 EABl~·I ini tide1: berbeza dide1am tH~us je11tan e.tau. 
betina (ba11ding Raj::.h 1 den 2). Dide1am titus norme1 5 bula11.. EABI~.·I <::ume. 
mengurengken se(:e1·e. signifike.n (P<O.Ol;. m.ete.boHsme e.m.inopit•in did818!0. tikus 
j•:.nte11 tete.pi tide!: dide1em tikus beti11e. (bending Rajah ·3 den 4;•. 
K-252a met·en(:at l::es;::t!l EAB~1I men;:.i~de!:an beha'fro. penge1·uh EABl•I terhe.dap 
mete.bolisme •:tmiilo~:ririn dipere11te1·•:;.l::en oleh tin,je!~ beles f'enfosfot·i1e11 (Ra.jeh 5). 
Peren(:at sepesifik protein l::inese A, KT ~·720 .. m.embalH:ka11 penga1·uh EAB~.·I tet·hadap 
metabolisme ::..minopirin di~j;;1e.m tikus je.nt8n teta.~:ri tidal--: <jide1e.m tir.:us betil:.:a 10 bulan 
m.ene.:.ndel=:an }-~enge1·uh EAB1•.•I tet·ha.da.p mete.bolisme eminopirin did::.1am tikus je.nta11 
dipet·;~ntaxab:an oleh linta.sa1i proteinldna.se A (P..::..jeh 6): 
Kesimpul8.tUly8., EABl•.•I teleh dide.pati menut·unka!l me~a.bolsime a.minopirin didalem 
hepe.tosit ti.ln:JS not·mel da.n Hnt8.S8il yBug tet·Hbt~:t dide1e.m kese11 EAB~.·I ;:;.de1eh bet·sifat 
~eks. fo:t .. ktor-fe!.;:tor lJ.mut• den se~:s mungkin mementuk;:t11 ~:esen EA.Eil•1l tet~hade.p 
metabolisme e.minopit·in. 
Kes•:t1l EAB1~.~I terhe.dap mete.bolisme e.minopirin dide1e.m. tikus hipertensi spontan 
Pad::t. ke~,ekaten diba:~;reh 0.1J31·3 mg/ml.. EABl•.•I telah (lid::..pei tida.r.: mempuny;:.i kesen 
tet,hadl9.p mete.bolisme e.minopirin. Bageiman8. I>Utl, peningkate..tl kepeke.te.n EABI•.•l e.l~an 
met,en<::a.t denge.11 signifikan metabolisme a.m.inopirin {Raj;3h 1 ). 
IB1· . n~ (R8.jeh 2;• didapati met'en(:at kesen EABl•.•l pa.da r~ei>ekat8..tl 0.0078 mg/ml tete.pi 
tid;:.!:· mempenge..t·uhi ~:esan EAB1•.•I pe.de. kepeke.teil0.25 mg/ml (be:nding Re.jah 1 den "3). 
Peningkaten !:epeke.ten ka1midazolium :menurun1::~n sec:a1·a signifikan (P<O.Ol) r~eS81i 
0.0078 mglml EABI\~ berbending ke."Vt;:;le.n. Kesen penuru.nan EABl\•l (0.25 mg/ml) teleh 
diren~;at sa.m;;_ set~;31i oleh l::almidazolium (R:;.j;:th 4 dan~·). 
Kes8.tl EABI .. •l (0.0078 mgimld;:t11 0.2~) mglml) terha!ja.p m.etabolisme e.minopit,in tidal:: 
dipenge.ruhi oleh TPA (Ra.jeh 6 d;;.n 7). 
Dida1a.m keh.e.dira11 A 2"31El7, EABI•.•I (0.007El de11 0.25 mglro.l) tide.l.: mengu.bah mete.bolism. 
e.minopirin (P..a.jah 8 d;:tn 9). 
Kesimpu.lannye,. keputt1S8il ye.11g diperolehi menunjukkna beha"'?ta EAB1•.•I bet,upa)ra ' 
un tuk mengurt~11gken mete.bolisme e.m.inopit•in di odela.m. he.ti tikus. Ini e.ken bet,a.khit· 
I •. 
deng;;n a.kumulafi drug didelam peredet.t·a11 ,je1,eh de.11 a.l.:a.n membawa kepe.da 
ketoksike.n drug. fa. juge. roenu.nju.kkna. 'beha."'fro. penge1·u.h EAB1•ll terhadap metabolism.e 
a.roinopirin ~u~~et~81lter1'8. oleh Hnt•3S81i ~;A~.~IP da11 ke.lmodulin pada kepeka.t.an EAB~1I 
rend:~h •:.O.tJ31"3 mglplO d;:tJl oleh linte.san b:tlm.odu.lin pe.da. kepeka.ta11 EABl•1I tinggi 
(.0.06::. m.~~/m.O 
Kesemu.-:t. e!-:stre.k d::t.n behan-behe.n tulin l::ecu•:tH ::s.:rtemisinin, m.enut·un1::a.n 
met::s.bolis.me ;:s.m.inopirin. Drug--drug ye.ng diketehui menjal•:t.ni ti.nde.k balas H-
~jemetil;~.si di<:j:~l;~.fli he.ti dije11g~:a :;,.keii mengelam.i penguranga.n m.eta.bolism.e seJ:~it .. ei1ya 
kedua-du.-:t. e~:stre.k tumbuhe11 d:3n drug diambil bersa.ma e.tau. satu selepe.s ye.ng lein. 
Perc:relidik::tll ini (:Uma dijelanken t-:e;:t.tas h;:ti1't811 d;:t.n kajian l::e a.tas ma11usia perlu 
d ikem b;:tngf:::t11. 
L.AMPIRAN A 
In trod U.(:tion 
This proje{~t is a (:ollabore.tion bet~~:reen the e.uthor end anothet, le{~tut'et· ft·om the 
Ph::t.t'ma.~~eutk::;l Chemistry diso:::ipline .. PPS Fe1·m::t.si, Asso{-; Prof Dr Che11 Kit Lam, to 
de":.relop mot"e information on the enti-me1e.1'ia1 agent artemisinin and its synthetic 
ded ":re.~i -.:res, .j:ih :.rdroe1·temisinin. The p lent At·.t.?l11iJ""1:5: &ui J.J.5! has been succ-;essfu11 y 
•::ultured in the test-tube by Dt, Cht·it Teoh group from USI·.·I e11d infot·mation on the 
(:hemistry ::.11d phe.t·ma<::ology of these subst::.t1i<~es a1·e being e.Gtively in"l,restiga.ted by 
many ?tort.:et·s, lo{~ally e11d hltet·ne.t:ionelly. 
L ~o investigate the ini1uen(:e of ::;1·temisinin ex1d d~lr;rdro~1~temisinin on liver 
metabolism of a modet·n drug model.. ;:;minopyrine, ~rhk~.h is 1~no~rn to undergo N-
deme th yle.tion · rea<::tion.. in spon ta.11eousl ~.r h ~ipet·tensi ve rats (SHP.). The mo1e<::ll1•31, 
m.e(:he.nism of 8.(:tk•n of b•Jth ~ubste.:tl<::es '.'\'ere also inYestigated. 
ii) to investig::t.te the iniluence ;:;.nd ehK:idate the mole<~ulru· meche11ism of 8.<::tion of the 
w:3.tee extre.~~t of Bu•:th I•.•lele1(8., EABI•1l (l'mt•IA~~~ ofli'ct'tutlis} on e.minopyrine metabolism 
tn norm.;:t1 ;:;nd SHR fi3.ts. This -v;rorl.: is ;:tn extension 1'/0t'l~ of the resee1·<-;h done in the 
B.'J1.hot;'s pee .... rious short tet·m g:rEt.tlt. 
l•,•Iethod 
[n--:ri"1,TO reseer(:h -v;,r;:t$ (:e.:t•t·ied out e.nd inYolved the use of heper.to(:ytes obt;:dned from. 
noemel :male Sprague D;:;:vt;rley ru1d sponterneousl;.r hyp•ertensive re.ts. The r;:;.t~ used "'rere 
e.bou.t 40 "Vteeks old 8.1ld of body· ...,;reight ranging ft·om 250-350g. Hepato(:ytes obtained 
l;ret·e incu.be.ted "7.rith the pure {::om pound e.rtemisinin e11d dihydroe1·temisinin (obtained 
from Prof l•.•Ii:t.dy·a Dr Ch;:.n Kit L3ro.) or EABI•.•I in the presen<~e o( aminopyrine. 
Aminopyrine mete.bolism ·v;,ra$ then 8.ssayed by t11e Co(:hin & Axelrod l\•lethod (19~,9). In 
ordet· to in Yestiga.te the moler.~u.h:;.t• me<~hsnism of a1·temisinin, dih ydro;31,temisinin or 
EABl•.t the hepe.to(:ytes ~rere prein(~ubated ~rith IBI~.UL KT 5720, TPA, celm.idazolium, 
staurospot·ine .. trif1uoropet·e.zine, K -2~~2e,. theophylline end A 2·;as7. 
Blood pressure of not·mel e.:t1d SHP.. t·e.ts ";:;tet·e mee.sured by using the tell <::uff method. 
Effe<:t of a1·temt:inin on ;:..minopydne metabolism in SH.R rats 
Our resui t ini.ji·:~ated that artemisinin affected signifk:aJit in(:rea.se in aminop·,.·rine 
metat:·olism. This isindk:ated by the in(:t'e3.sed in aminopyrine 1-f-demethyla.se acti":rity 
at concentration beginning lo-9 ~ .. I a1·temisin.in (P<O.OS). Artemisinin (lo-8J •. •I) caused a 
pe8l:: in the enzyme a.r.::ti-o:rity 8.tld ·~on~~ent.t·ation above 10-31\•1 show-ed a lo~let'ing in the 
enz:rme •:t.(:tivit:r but a1·e still signific•3!1H?~ ... a.bo"y"'e the <~ontrol (figure 1 ). 
In the presen-:::e of IBl•.•lX, a1·temi3inin (lo-81•.•0 influen<:e on a.minop·~·rine N-
demeth yta.se a::~ti >t:i.ty ~·a.s signifk:an tl ;r :t·e"=lersed ail d in fa.~~t totally inhibited a.t 
(:on (~en tret.tions ;':J:S lo1':' es. 1 o-11 l\•l IBI•.•IX {Figure 2). 
This ";7,·"8.S similarl;r seen -o:.·ith the effect of artemisinin (lo-:3M) in the presen·:;e of 
rrotein l:ina.se C a..:::ti";ra.tor .. TPA (figure 'J). Hov:·-e-:rer .. the e:-:tent of inhibition of the 
=:t.·::H~ri~;r of aminop;rrine N-demethylase b;r TPA To:"8Z. mu:;h 1o-o:.·-er ~··hen ·:;ompored to 
!Bl~.~IX (·.:ompare figure 2 and '3). 
Both protein ldna.se A inhibitor .. KT ~·720 and (:a1modu1in inhibitor, ·~almidezolium, 
significantl:r lowered the acti..,rity of the enzyme aminopyrine N-demeth:rlase (figure 4 
;:tn·1 :. ) -o:.··her~8s _protein ldnaze C inhibitor, stal.u~osporine.. reduces the effe(:t of 
::trremisinin ( 1 o-:31\1 ) to the (:011 trollevel (figure 6). 
In con(:lusion .. at·temisinin is .:~a.pable .of in(:rea.sing aminop;rrine metabolism in 
hypertensiv·e rats ini'etTing tllat H (:oul(j t•edu(:e the bioa .... r::ti1abilit .. 1 .. of;:tminopyrine and 
o~l1er -.:jrl.~~:s tllat un·:jergo similar pllase 1 N-·Jemetll"'r1ation pathw·ay. These effect of 
=~i·temisinin is suggested to t:·e me·:liated .. at least, by C}"'Cli<~ AI•1lP and dia.<~y1.glycero1 a.nd 
the role of protein 1~insses still nee·:js to be investigated and explored. It is not l~noorw·n 
?lhether this type of inter8.(:tion -o:::;.-ould O(:<~ur in human a11d v.··hether it is (:1inice11y 
releYe.nt. It is s1.~~gested that in the future, this study should be extended to human. 
I 
Effe(:t of dih';.ro:jroal'lemi~inin on ;3.minopv-rine met;:t.t:olism in spontaneously 
h ypertensi --;;re rats 
our resul (S in ~u ca.ted tll8.t dill y·.:jro;:t1·temisinin signifi (~·:u1 tl y· (P~:t:t .0 1 ) reduced 
;:tminopyrine metabolism in llepato(:ytes i'rom normal, spont•:tneously hypet·tensive and 
:jia.teti(: r•3.ts i3.t <::On(:entration as lov.,. 8.S lo-13I•.•I. Preincut:·8.tion w·ith st8.urosporine~ KT-
~~720.. trifluoroperazine a.nd TPA did not signifiC81ltly· influence the effect of 
~uhi·:1fOi31'temisinin. The result; indi(:a.ted that dill ;l·:lroartemisinin is able to inllibit 
llepatk: N-.:jemetliylation of aminopyrine s11d possibly other drug~ that undergo the 
,;imi1•3J' path v::ay. 
rn 10 ru.onths old normal rats, EABl!,•l signifi<::antl;.r (P -.: 0.05) redu~~ed a.minop;.rrine 
metabolism. These eile~;t of EABl! .. I is not diffet·entia.ted in the mele ot· fem.ele rats 
((:ompel·e figu.re le11d 2). In the ~> months old normal rats .. EABI•,rl only· signifk:entty 
redu.:::ed (P ~: 0.01) e.minopyrine metabolism in the male but not in the fem•31e t•ats 
(~::omt,el'e figure '3 ::t11d 4). 
K-252::.. inhibited the effe(::t of EAB1•.·I suggesting tho.t EABI•,!I inf1uen(::e on aminopyrine 
met5-.bc•lism is medie.te~j by ph.osphot·yle.tion t·ee.ction( figure 5). Spe(:ific pt•otein tinese 
A inhibit•:•t'. KT ~,720, t·evet·ses the inf1uen(:e of EABl•.•I on e.m.inopyrine m.eta.bolism in 
the mele but not in the femele t·e.ts (10 months old) suggesting the.t the inf1uence of 
EABl•.ri on a.minop .. frine met8.t:·olism in the male t'e.ts is mediated vie. the protein kinase A 
r:•:=trh.v.r:=t•r t'fiP'lU•P.,; '• r •. . rt -·I •. ·=· • - .- ... 
In (:ond us ion, EABM 7ff;:ts demonstt·ated to lower the metabolism of aminopyrine in rat 
hep;:..tocy1es ::t1"td the p::t.t.lr~te.;.r involved in EABI•1I influen(:e is sex-differentiated. Age e11d 
sex fe.(:tors ro.ay determi.ne the e~fe(:t of EABM on 8IDinopyrine metabolism. 
At (:Otl(:entt·t~.t.ions t·elo'f.' O.IJ31'3 mg/mt EABI•;l exhibited no signifi<::a11t effe<::t on 
::uuinopyrine metabolism 1i!hen compa1·ed to control. Howe..,.rer, further increase of 
EAB1•.•I (:Otl(:entr•:t.tion shcr'f.··ed significa11t redu~~tion (P<O.O~· and P<O.Ol) on aminopyrine· 
mete.bolism (fig:ure l.i. 
Addition of IBlviX, ::ts sho~rn in figut·e 2, significantly redl.K:ed the effe<::t of EAB~1I (0.0078 
mglml) but did not effe(:t EABM effe(:t ona.m.inopyrine meti3.bolism e.t 0.2~l mg/m1 EABl•I 
(:Oti(:entra.tion ((:ompa1·e figut·e 1 and '3). 
In(:reesing ~::oncentration of r.::elm.ida.zolium significantly reduced (P<0.01) EAB~1l's 
(0.0078 mg/m1) effe~:=t ~:rhen compe1·ed to <~ontt·ol. Ho...,;re .... rer, the reducing effect of' EABI\•l 
(0.25 mglml) "'il82 inhibited by ell con<::entt·e.tions of ct~1mid;:t.zolium. (figure 4 8ild 5 ). 
The effe(:t of ~ABI• .. I (0.0078 mg/m.l) on aminopyrine met;:..bolism 'f.t:3.S Utli31tered by TPA 
1:rhen (:omp;:ti'ed to (:ontro1 (figure 6). The effe<~t of EABI•.rl (0.25 mg/mO was also 
l.Ul:3ffe(~ted in the presen<~e of TPA ( comt,e!·e figures 1 and 7). 
In the presen(:e of A 23187, EAB1~.·I (0.0078 mg/m.l) exhibited no signifi<~ent altet•ation in 
;:tminopyrine meta.boHsm ...,;rhen ~~omp;~1·ed to (:ontrol (figure 8) e.nd non of the 
(:On(:entt·e.tions of A 2'3187 e1ter the : t .. edu(:ing effe~~t of EABI•.•l (0.25 m.g/ml) on 
eminopyrine mete.bolism (figure 9). 
In (:On(:lusion. our resulr s1.1ggested that EAB~ .. I is (:e.pable of redu<~ing: e.minopyt·ine 
mete.bolism in re.t Hvet ... This -r-1il1 ultima.tely result in &.::cumulation .of the dt·ugs in the 
<::tt·cula.tion e1·~d me.y lee.d to dt·ug toxicity. Our result e1so indicate<.l that EABlvi's 
! . '! 
inf1uen(:e on aminopyrine metabolism is probably mediated by the cAivlP- a.nd 
t 
~::;31mc,.:julin-a.s~or:::i;:t.ted .P:3.tll"V.';3.y ::..t lo-w· conGentra.ton~ (0.0313 mglml) 811d 
.:~:;3lmo·:julin-:~.s::o·:::ia.ted p:::t.tll"f.,.a;t at high (:on<:entrations at)ove 0.065 mg/rol. 
All the e:.:tract~ ;311o:j pure GOmi:·oun<js except artemisinin tested, decreased tlle 
meta.t:·olism. of aminov:rrine. Drugs tl1:3.t a1~e l=:noo:::rn to undet~go N-demetllylation 
reaction in the li-:ret' a1·e e:-:pe·;::ted to expet~ience asimi1;:.1~ re·JUc:tion in tlleit" metabolism 
if t·':'tll plant extrac:ts ano:l dr1.~~~ 81"e t::d=:en together or tal~en subsequently. How·eyer t11e 
in-;,re~tig:3.ton -w·:32 cinl~r ·:::ondu(:teo:j in animals a11d further 1o:tot·l=: need to t:·e C;3!Tied out in 
h uro.::tll being. ! 
INVOLVEMENT OF cAMP PATHWAY IN THE INFLUENCE 
OF WATER EXTRACT OF EMBLICA OFFICINALIS ON 
AMINOPYRINE METABOLISM IN NORMAL 
AIM 
RAT HEP ATOCYTES 
A. "'I- "'I- U41.Ut, 11-e. "5 1(adiHt, 11-t AfuH.ad altti 1'n. 7 AdMUUDt 
Sdu#l4~- Sduu«, U~ Sa.Uu.. ~~ 
118 00 ~utau, "PiMalu; . 
1) To study the influence of Emblica officinalis (Buah Melaka) on aminopyrine metabolism 
in an animal model 
2) To elucidate the possible mechanism of action of E. officinalis in exerting its influence on 




in-situ liver perfusion ! · 
with collagenase 
Hepatocytes + incubation medium · 
+aminopyrine+ ekstrak air Buah Melaka 
(EABM) in the absence I presence of 
K-252a I KT 5720 I IBMX 
Metabolites fonned were measured 
colorimetrically 
! 
Results were expressed as 
aminopyrine N-demethylase activity 
( nmol I million cells I minute) 
- normal male and female 
Sprague Dawley rats 
- Age : 5 months old 
(150- 190 g) 
10 months old 
(240- 300g) 





Incubation time : 15 min. 




,l ~,1 ~l pathway ~ri' 
.l'~l'~Y~Y~l'iY~l'~l'~Y~Y~Y~Y~Y~ 
• s"' e· s" f ' .... s"' §'" , .. r·· fl , .. f". 
~cAMP 
5'-AMP \ 
Protein kinase A 
I 
I ~"' I , 
I J, 








P-450 ,' , , J- - Protein kinase C 
Cyclic GMP 
Pathway 
(active) ~ ..,:~------------- _ (inactive) 
original ·/ ~ ...... ______ - ------------ Protein ") 
drug cytochrome. --------- kin~eC .....__)DAG ~ P-420 · --- (acnve) r{ 
Phase 1 
metabolite 
{ i n active) Ca/calmod~in _dep·endent 
protein kinases 
~ IP3 PI 
2+· ~ 
release Ca from store 




~ IDOSltOI : ~ pathway !1 
~=~~~:=:'=:=~z.::x:::!..-e::~-=--===~=:::.~=:::=:::~~ 
Emblica officinalis CPokok Buah Melaka) 
Taxanomy: 
Division : Spermatophyta · 
Sub-division : Angiospermae 
! 




Species : Officinalis 
Uses : anti bacteria, antivirus, expectorant, diuretic, dyspepsia, 
purgative, headache, antipyretic, antihypertensive. 
PREPARATION OF EKSTRAK AIR BUAH MELAKA <EABMl 
Remainder 
Methanol ( 4 L) 
+ 
milled powder of the plant 
E. officinalis (2.5 kg) 
~ reflux at 600 - 700 C 






















(4 x 200 ml) 
Separating funnel 
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Fi~ure 1. The effect of EABM on the metabolism of aminopyrine in hepatocvtes 
obtained from 10 months old normal male rats. 
140 
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Fieure 2. The effect of EABM on the metabolism of aminopyrine in hepatocvtes 
obtained from 10 months old normal female rats. 
I" 
* p < 0.05 
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Fieure 3. T~e effect of EABM on the metabolism of aminopvrine in hepatocytes 
obtained from 5 months old normal male rats 
60,------------------------------------------------------------------
control 0.0078 0.0156 0.0313 0.0625 
EABM concentration {mg/ml) 
\ 
0.250 
* p < 0.05 
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Fi_2ure 4. The effect of EABM on the metabolism of aminopyrine in hepatocvtes 
obtained from 5 months old normal female rats 
* p < 0.05 
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control 0.0078 0.0156 0.0313 0.0625 0.125 0.250 0.375 
























Fieure 5. The effect of EABM on the metabolism of aminopvrine in the presence 
of K-252a (20 nM) in hepatocytes obtained from 10 months old normal male 





* p < 0.05 
** p < 0.01 
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Fi~ure 6. The effect of EABM on the metabolism of aminopvrine in the presence 
KT 5720 (60 nM) in hepatocvtes obtained from 10 months old normal male 
. and female rats 
120-------------------------------------------------------------------
* p < 0.05 
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Fieure 7. The effect of EABM (0.25 m~/ml) on aminopvrine metabolism in the 
presence of 3-isobutvl-1-methylxanthine (ffiMX) in hepatocvtes obtained from 
10 months old normal male and female rats 
120~---------------------------------------------------------------------, 
... p < 0.01 
0~--~---------r--------~--------r--------.---------a---------r--~ 
control - 1 1 -1 0 - 9 -8 -7 -6 
log [IBMX] M -tj EABM (0.25 mg/ml) 
'. 
SUMMARY 
1) Age and sex factors may determine the effect of EABM on 
aminopyrine metabolism. 
a) In the 10 months old group, .EABM affected significant decrease in 
aminopyrine metabolism in both the male and female rats. 
b) However, in the 5 months old group, EABM affected significant 
reduction on aminopyrine metabolism in the male rats only 
whereas in the female rats, no significant alteration when compared 
to control was observed. 
2) Specific protein kinase A inhibitor, KT -5720, reverses the influence 
of EABM on aminopyrine metabolism in the male but not in the 
female rats (10 months old) suggesting that the influence of EABM 
on aminopyrime metabolism in the male rats is mediated via the 
protein kinase A. · 
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Although modern drugs are commonly prescribed to treat 
I . . 
illnessess, the use of herbal medicines by different ethnic 
I 
groups in Malaysia still preva.ils. In the course of treatment, 
I 
there are occasions where patients tend to take both modern 
prescribed drugs and herbal preparations concurrently. The 
interaction that ensues may! result in a decrease in the 
' 
bioavailability or the accu1nulation, and hence 
I 




Disease states such as diabetes, thyroid disorders and 
hypertension have been shown to affect the metabolism of 
drugs. En1blica officinal is, lqcally known as B uah Melaka, 
: 
has been shown .. to red~ce the blood pressure of 
- . 
spontaneously hypertensive rats (SHR) via inhibition of the 
1 I I 
a-adrenoceptor. 
•• • •• !'""' 
:I 
f! ·l· 
With respect ;to this, the o~jectives of this study are to 
investigate the influence of E. officina/is on the metabolistn 
. I 
of a model drug, aminopyrine, in hepatocytes obtained from 
r 
I 
SHR rats and to elucidate the. possible molecular mechanism 
of action of E. officinalis in bringing about its influence . 
.. 
The blood pressure was measured by means of the tail-cuff 
technique! using Model 179 Blood-Pressure Analyser, IITC 
Life Science, U.S.A. Isolated hepatocytes were prepared 
from male spontaneously hypertensive rats (15-20 weeks . 
old; 150 - 250 g; bred in the School of Pharmaceutical 
Sciences, Universiti Sai11:s Malaysia) by using the 




The hepatocytes were .incubated with aminopyrine (5 mM) 
in an incubation medium for 18 minutes in the absence or 
presence of the water extract of E. officinalis (EABM) (at 
concentrations between 0.0078 - 0.375 mg/Inl) and the . 
metabolism of aminopyrine assayed according to the 
modified method of Cochin and Axelrod3 and the results 
were expressed in nmol HCHO formed/million cells /min. 
I 
The effect of EABM on aminopyrine f!letabolism· was then I 
tested in the .:presence of ~AMP analogue, 3-isobutyl-1-
Inethylxanthine (IBMX); a protein kinase C activator, 
phorbol-12-myristate-13-acetate (TPA); a calcium 
ionophore, A 23187 a~d a calmodulin-inhibitor , 
calmidazolium. Two conc~ntrations of EABM (0.0078 .. . . 
mg/ml and 0.25 mg/ml) wefe tested in the presence of the 
above substances (10-11 - 1:0-6 M). The hepatocytes were 
pre-incubated with the ab~ve substances for 15 minutes 
Prior the incubation with EABM. I I 
I 
I I ,1, I M~ans and j. standard deviations were calculated and · 
1 




I ; . 
I . .... 
1<-SSUL.?.S 
At concentra~~ons below 0.0313 mg/ml, EABM exhibited 
no .significant/ effect on a~inopyrine metabolism when : . 
compared to ,sontrol. Howev.er, further· increase of EABM 
concentration showed significant reduction (P<0.05 and 
P<0.01) in aminopyrine meta!bolism (Fig. 1). 
i 
I 
Addition of IBMX, as shoyvr: in figure· 2, significantly 
reduced the effect of EABM (0.0078 mg/ml) but did not 
affect EABM effect on aminopyrine metabolism at 0.25 
mg/ml EABM concentration (~ompare Fig. 1 and 3). 
-· 
Increasing concentration of calmidazolium significantly 
reduced (P<0.01) EABM's (0.0078 mg/ml) effect when 
compared to control. However, the reducing effect of 
EABM (0.25 mg/ml) was inhibited by all concentrations of 
cahnidazolium (Fig. 4 and 5}. 
The effect of EABM (O.q078 mg/ml) on aminopyrine 
1netabolism was unaltered. by TPA when co1npared to 
control (Fig. 6). The effecf of EABM (0.25 mg/ml) was ·-
also unaffected in the prese~ce of TP A ( co1npare Fig. 1 and 
I 
7) . I 
I 
In the presence of A 23:187, EABM (0.0078 mg/ml) , 
exh ibi ted no signifi c an ~ alteration in aminopyrine 
metabolism when compare? to control (Fig. 8) and non of . 
the concentrations of A 23f 87 alter the reducing effect of ' 
EABM (0.25 mg/ml) on am;inopyrine metabolism (Fig. 9). 
.... 
Fienre I. The effect of EABM on the metabolism of aminopvrine 
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Figure 4. The effect of EABM (0.0078 mg/mll on aminopyrine metabolism 
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. -
... . . 
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in the presence of calmidazolium in hepatocytes obtained from male 
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Fi2ure 6. The effect of EABM {0.0078 m2/mll on aminopyrine metabolism 
in the presence of phorbol-12-myristate-13-acetate CTPAl in hepatocytes 
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_ _ _ _ __ _ _____ Figure 8. The effect of EABM (0.0078 mg/mll on aminopyrine metabolism 
in ~he presence of A 23187 in beoatocytes obtained from male 
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Fi2ure 9. The effect of EABM (0.25 me/ml) on aminonyrine jnetabolism 
in the presence of A 23187 in hepatocytes obtained from male 
spontaneously hypertensive rats '· 
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The rats used were evidently hypertensive. The systolic ·~d· '· :::j :·r- ,), 
diastolic blood pressUre ~ere 196.5 + 12.36 mmHg ·~~d I ,,'f. !: •.·. 
. I . . . . . . . : ·' ·j .. !· . 
147.5 + 33.91 mmHg (n -;- 8) respectively. Our res~ltS ·,,}i;li ·.· 
. . . . . . .. , . : . •:;J-:~L .. 
indicated that EABM is able to reduce :·aminopyrine :. :;·:~;.)·~. ·:-
• . • . . . . . . , • ~ . ! I ., : . 
metabolism in hepatocytes iof spontaneously hypertens~ve .~· >J•t . 
rats. At concentra~ions of 0.0625 mg/ml and above, EABM ,, ':[ ;,; · 
was able to reduce the I activity of aminopyrine· N- . :::I .i 
I I I " I ! • ' I . ; ' . l .:: ; ! . ! ~ demethylas;e~ As ~pch, If Bu~h Melaka were to be taken (for . ; i~ · ; . 
; . I ~I . ! • . I . . ,. I • : !. it~ anti-hyPpren:s
1
ive prop9rty) together with drugs that j :] .~ 
undergo sinlilar • liver m~fabolic phase 1 pathway as 1 • · , 
. .,. I ' I ! I I .. ! . 
aminopyrine :(e.g. ·diazepam? imipramine, procainamide and i. ·• 
chlorpromazine), there is ~ possibility that there will be ! : 
. • j . : 
reduction and hence, accum~lation and eventually, t<?xicity ~ ·; 
i 





Phosphorylation of the protein components of the liver i ' 
. I 
biotransformation system has been found to be important in· . . 
. ; ! . : .: 
drug metabolism. Phosphprylation was found ·to causy _;, ; 
conversion of cytochrome, P-450 to its denatured form . ; , 
' . ' 
cytochrome P-420. At ?.0078 mg/ml concentrati()n, j ~ · 
EABM's effect on aminopyrine metabolism was not altered ' . : : I · ·I ! : 
by TPA and A .23187 indicating that protein kinase C and l : ·: 
. I . , . '·. ~ . :, 
extracellular calcium intrusion are not involved, at least at! • • · 
the Io~er . concentrations, lin the influence of EABM '0~ \ \ ' 
aminopyrine metabolism. However, the addition of IBMX i : : 












i . :· 
I • I : 
reduction ·in aminopyrine) metabolism indicating the ··1. :~ · . . 
involvement · of the cA~~- and calmodulin-associated: ·f;[; :. 
pathway and possibly c·ross-tflk between t~e two systems bY: . j · ::. ·:. 
EABM in eliciting its effect . . i :·; _:·I 
. . : I , ; . ; 
· : I . a ' : · f 
• , •.• I .I I , . I 
At 0.25 mg/ml, EABM's effT~t on aminopyrine metabolisrd fi:' . 
was not significantly altered 11n the absence and presence . of : · i 
IBMX, TPA and A23187 ( /compare Fig. 1 with Fig. 3~ 7 , :. ! 
and 9). However, all concentrations of calmidazoliull.J. ~en~ .. L:l ~ .:. 
able to inhibit the effect! of EABM on :aminopyri·~~- · 1 :;WJ"I 
1 , · . , .•• : f •. r. 
metabolism (compare Fig. 1 and 5). This results indicate :: .: d: :: · 
I . . . I . . ., .. ; I. I 
that the reducing effect I of EABM on aminopyrin~ ~: ·! >!' 
t ' ..... 1 i I !. 
metabolism is probably rpediated by the calmodulin- ... ; :! 
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(!O'U(!L.US1 O'n 
Our result suggested that EABM is C?-pable of reducin~ 
aminopyrine metabolism· in frat liver. There is a possibilit) 
. I , 
that other drugs that und~rgo similar N-demethylatior. 
. I 
process in the phase 1 m.etabolism in the liver woulo 
. ' 
undergo similar reduction {n their liver metabolism. This 
will ultimately result in accumulation: of the drugs in the 
. , I . ~ .. 
circulation and ·may lead to drug toxicity. Our result also 
indicated that EABM's / influence on aminopyrine 
metabolism is probably Dfediated by the cAMP- anc 
ca11I_!.odulin-associated patpway at low concentration1 ( < 0.0313 mg/ml) and by c~lmodulin-associated pathway a 
high concentrations_ above 0~0625 mg/ml. · 
' 
Jr/ : 
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Artemisinin also called artemisinine: or qinghaosu, a· 
sesquiterpene lactone with an unusual endoperoxide 1inkage, 
is the clinically active antimalarial constituent isolated from 
the Chinese .medicinal herb,~ Qinghao or Artemisia annuaL 
[family : compositae]. It; is particularly useful in the 
treatment of cerebral malaria where rapid reversal of the 
parasitemia and restoration to conciousness of the patie:qt is 
critical. Beside being used as an antimalarial agent, it is also.· 
used as an anti-pyretic agent, bactericide for scabies,·.·· 
abscesses and eye disorders, find in the treatment of chronic 
dysentery. 
The utilization of traditional herbal preparations have been in . 
practise for centuries by different ethnic groups in Malaysia · 
and is still popular despite the rapid development and: 
improvement of the health sector in this country. The recent • 
introduction of government regulation to register all· 
traditio11al medicinal preparations have added a new: 
dimension to the use of these type of preparations in 
therapy. 
The objectives of this study are to investigate the possible 
it1teractio11 between naturally-derived medicinal constitue11t 
• I 
and thC- so-called 'modern drug' and the influence of the 
former 011 th~ liver metabolism of the latter. This study also . 
intend to investigate the po.ssible molecular tnecl1anism of 
action of the former in bringing about its effet on the liver· 
metabolistn of the latter in hepatocytes of spontaneously 
hypertensive rats. 
...... -. . ~ . -' . 
. ... ··-
. : : ~ 
. . ~ . . J· 











The blood pressure was ffiea~ured by means of the tail-cuff 
technique using Model 179 Blood Pressure Analyser, IITC 
Life Science,· U.S.A. Isolated hepatocytes were prepared 
from male spontaneously hypertensive rats (15-20 weeks old; 
150 - 250 g; bred in the School of Pharmaceutical Sciences 
' Universiti Sains Malaysia) by using the collagenase digestion 
method. : 
The hepatocytes were incubated with aminopyrine (5 mM) 
i11 an i11cubation medium for 18 mi11utes in the absence or 
presepce of artemisinin (at 19:11 - I0-6 M concentrations) .and 
the metabolism of a1ninopyrine assayed according to the 
modified method of Cochin ~n~ Axelrod and the results were 
expressed i11 nrnol HCHO fo1p1ed/million cells /min. 
I 
I 
The effect of EABM on amj11opyrine metabolism was then · 
tested in the presence of fAMP analogue, 3-isobutyl-1- ' 
tnetl1ylxanthine (IBMX); ~ protein kinase C activator, : 
phorbol-12-myristate-13-ac~·tate (TPA); a protein kinase C 
inhibitor, staurosporine; a protein kinase A inhibitor, KT -~-
5720 and a calmodulin-inhib~tor, calrnidaz<?~ium. Artemisinin ; 
( 1 o-8 M) was then tested in the presence of the above . 
substances with concentratipn ra11ge of I0-11 - 10-6 M. The l . · 
hepatocytes were pre-incuba~ed with the above substances for; 
15 tninu tes prior the incu bati.on with artemisinin. . ! 
' . . i '" I ; . : 
I 
Means and standard deviatio~1s were calculated and statistical : 














i ; . . . 
Our result indicated that . a~temisinin affected significant . 
increase in aminopyrine met~bolism. This is indicated by the : 
increased in aminopyrine; N-demethylase activity at ' 
concentration beginning 19-9 M artemisinin (P < 0.05). 
Artemisinin' (lo-s M) cause~ a peak in the enzyme activi~~ 
and concentration above 1 0~8 M showed a lowering in the : !· . 
.. 
enzyme activity but are still :significantly above the control 
level ( Figure 1). 
In the presence of cyclic AMP analogue, 3-isobutyl-1-
methylxantlline (IBMX), artemisinin (I0-8 M) ·influence on 
aminopyrine N-demethylase activity was significantly 
reversed and in fact, totally inhibited at concentrations as low 
as I0-11 M IBMX (Figure 2). 
This was similarly seen with; the effect of artemisinin (I0-8 -
M) in the presence of protein kinase C activator, phorbol-12-
myristate-13-acetate (TPA) ~ see Figure 3. However, the 
extent of ·inhibition of the i activity of aminopyrine N-
1 
demethylase by TPA was m~ch lower when compared to 
IBMX (compare Figure 2 and .3). 
: 
.. --. : ., -.. 
Both protein kinase A in~ib~tor,~ KT 5720 and calmodulin 
inhibitor, calmidazolium, sigl}ificantly lower the activity of 
, . 
the enzyine aminopyrine N-~emet,hylase (Figure 4 and 5) 
v1hereas protein kinase C inhibitor, staurosporine, reduces I 
I I 
the effect of artemisinin ( 1 o-s )M) to the control level (Figure : . 
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Fi2ure 1. Dose-response effect of artemisinin on the metabolism of aminopyrine 
in hcpatocytes obtained fron1 male spontaneously hypertensive rats 
500-----------------------------------------------------------------------------
•• • p < 0.05 
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Fi~ure 2. The effect of artemisinin (10-8 M) on aminooyrine metabolism in the 
oresence of 3-isobutyl-1-methylxanthine (lBMX) in hepatocytes obtained from 
mate spontaneously hypertensive rats 
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Fieure 3. The effect of.artemisinin {10-8M) on aminopyrine metabolism in the 
presence of protein kinase C activator; phorboJ-12-myrjstate-13-acetate. TPA, 
jn heoatocytes obtained fom male spontaneously hypertensive rats 
\ 
• p < 0.05 
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Fi~:ure 5. )'he effect of artemisinin ( 10-a M) on amjnopyrjne metabolism jn the 
oresenc~ of calmodulin inhibitor, cntmidazolium, jn hepntocytes obtained from 
male soontaneously bvpertensive rats 
• p < 0.05 
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; 
... p < 0.01 
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Fi~ure 6. The effect of artemisinin 00-9 M) on aminopyrine metabolism in the 
presence of protein kinase C inhib~tor. staurosporine. in hepatocytes obtained 
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DISCUSSION ! 
- i 
I I : 
T~e ra~s used were evident!~ hypertensiv~. The systolic and _, : 
diastolic blood pressure 'Yere 206.5 + 15.23 mmHg and ; 
!3~.5 + 4Q.46 mm!JJS. (n_ 
1 
8) respectively. O~r res~lts : 
Indicate? tha_t artemisintn lSi able to Increase aminopyrine ; ·.!_ 
metabolism m hepatocytes /of spontaneously hypertensive , · 
rats. Physiologic_al concentr~tions of artemisinin (I0-8 - IQ-9 ; · 
M) were able to increase all}.inopyrine demethylation of the ; ; 
phase l_liver :r:netabolism. Other drugs that undergo phase· I : : 
N-demethylation process ~lso have the potential to be i ·: 
affected by artemisinin. Consequent to these effect of! :: · 
• • • I I • 
artemisinin, the concentrations of these drugs in. the i ·: ·. 
circulation will be reduced. I · ·· i i 
I - • f . •• . . 
-· I . . ; .. 
Both IBMX and TPA expectedly reduced the activity. ori· .·t 
aminopyrine N-derriethylase:. Both IBMX and TPA reduced/_; 
artemisinin effect on aminopyrine ·metabolism but the total I ·;i 
inhibition of aminopyrine N;-demethylase activity by IBMX !. ·1 · 
indicate the relative involvement of cyclic AMP in the! ;f I I ' 
mechanism of action of artemisinin when compared. to; .! 
diacylglycerol. IBMX and! TPA are expected to activate; :i 
protein kinase A iand C re~pectively and this in tum will i i 
increase the phosphorylatiqn of cytochrome P-4:50 (active: : 
form of thel metabolising enzyme) to P-420 (inactive form of~ ~ 
. : ;:1 . I . I 
the metaboliS.ing enzyme). 1 ... 
~ ' J : I . I . 
: : 1 · I . . i . 
However th~ effect of artemis in in ( 1 0-8) on aminopyrine· 
' . . I 
metabolisrri in the presence of protein kinase A inhibitor, KT: 
5720; pro~e~n kinase C jinh~bitor, staurospori~~; and. · 
calmodulin inhibitor, calmiQazohum, were not as anticipated. 
TheoreticallY, these inhibit<~rs are expected to potentiate the· 
effect of artemisinin. Further study is needed to explore the 
role of the protein kinases in' the mechanism of artemisinin. 
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Artemisinin is capable· of incr,~asing aminopyrine meta]?olism : 
in hypertensive rats inferr~ng that it could reduce the · 
bioavailability of aminopyri~e and other drugs tl1at undergo · J I · 
similar phase 1 N-demethyl~tion pathway. These effect of ! 
artemisinin is suggested to be mediated, at least, by cyclic : 
i . ' 
AMP and diacylglycerol and; the role of protein kinases still i 
needs to b~ investigated a~d explored. It is not known : 
whether this type of interaction would occur in human and . ~.: I ; ., 
whether it is clinically rele~ant. It is suggested that in the 




























.:·: . i 
! • . . i 
Acknowledgement : The author acknowledges the res_earch ~granti 
provided by Universiti Sains Malaysit, Penang, that has resulted in th~s a~~cle. : :! 
IIi ; r 
. ~ 
: ! 
~ I 
# 
. 
l 
I 
I 
I 
I 
I 
. i 
..,. 
'. T 
